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Previous studies on the effects of emotional context on memory for centrally presented
neutral items have obtained inconsistent results. And in most of those studies subjects
were asked to either make a connection between the item and the context at study or
retrieve both the item and the context. When no response for the contexts is required,
how emotional contexts influence memory for neutral items is still unclear. Thus, the
present study attempted to investigate the influences of four types of emotional picture
contexts on recognition memory of neutral words using both behavioral and event-related
potential (ERP) measurements. During study, words were superimposed centrally onto
emotional contexts, and subjects were asked to just remember the words. During
test, both studied and new words were presented without the emotional contexts and
subjects had to make “old/new” judgments for those words. The results revealed that,
compared with the neutral context, the negative contexts and positive high-arousing
context impaired recognition of words. ERP results at encoding demonstrated that,
compared with items presented in the neutral context, items in the positive and negative
high-arousing contexts elicited more positive ERPs, which probably reflects an automatic
process of attention capturing of high-arousing context as well as a conscious and
effortful process of overcoming the interference of high-arousing context. During retrieval,
significant FN400 old/new effects occurred in conditions of the negative low-arousing,
positive, and neutral contexts but not in the negative high-arousing condition. Significant
LPC old/new effects occurred in all conditions of context. However, the LPC old/new effect
in the negative high-arousing condition was smaller than that in the positive high-arousing
and low-arousing conditions. These results suggest that emotional context might influence
both the familiarity and recollection processes.
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INTRODUCTION
The question that how emotion influences human memory has
drawn a lot of attention and many studies have demonstrated
that emotional items or events are more likely to be remem-
bered than neutral items or events (Dolan, 2002; LaBar and
Cabeza, 2006). This memory advantage might be attributed to
enhanced attention and elaboration (Koening and Mecklinger,
2008) as well as strengthened consolidation of memory traces
(Talmi, 2013).
However, when considering the effects of emotion on memory
for items presented in the context of other stimuli, some stud-
ies found emotion-induced impairment rather than enhancement
on memory performance (see Chiu et al., 2013). And this mem-
ory impairment has been linked to two factors. One is the type
of the information tested. When testing memory for contextual
information or relational binding information between contexts
and items or between item pairs, impairing effects of emotion on
memory might be observed (see Chiu et al., 2013). For example,
Kensinger et al. (2007) found that memory for scene contexts
accompanying emotional items was less detailed. Rimmele et al.
(2011) found lower recognition accuracy for frame colors sur-
rounding negative scenes than for frame colors surrounding
neutral scenes. Chiu et al. (2013) proposed that when contex-
tual/relational information and item information cannot be rep-
resented in a unitized manner, there might be emotion-induced
impairment on memory for contextual/relational information.
Another factor is the presentation position of the information
tested. According to the hypothesis of emotional trade-off effect
on memory for central vs. peripheral information, emotion can
enhance memory for central information but impair memory for
peripheral information. Some findings supported this hypothesis.
For example, Touryan et al. (2007) showed impaired memory for
objects that were peripheral to negative emotional pictures. Kim
et al. (2013) also found that memory performance for peripheral
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items occurring in negative picture stories was worse compared
to neutral picture stories.
Emotion impairs memory for contextual/relational informa-
tion or peripheral information. Then, is memory for central
to-be-remembered items always enhanced by emotion? Previous
studies obtained inconsistent results on the role of emotional con-
texts on memory for centrally presented neutral items. Smith
et al. (2004) used a scene context design to investigate how
emotional backgrounds (negative, positive, or neutral pictures)
affect memory for neutral objects superimposed centrally onto
them. The results showed that items associated with positive
contexts were recognized more accurately than those encoded
in either neutral or negative contexts. However, employing the
similar design, other studies did not find memory enhance-
ment for items centrally presented in the emotional contexts
(Erk et al., 2005; Jaeger et al., 2009). Using a serial presenta-
tion design, Anderson et al. (2006) found that emotional pictures
enhanced memory for neutral pictures preceding them. Other
studies, however, showed impaired memory for items preced-
ing or following an emotional item (e.g., Strange et al., 2003;
Hurlemann et al., 2005). Knight and Mather (2009) demon-
strated both emotion-induced enhancement and impairment.
They suggested that emotion-induced memory impairment for
neutral items is most likely to occur near the onset of emo-
tional arousal. In contrast, when neutral items precede emo-
tional items and have high attentional weights during encoding,
emotion-induced enhancement for neutral items is most likely to
occur.
Some obvious differences in terms of the experimental design
between studies using the scene context design and studies using
the serial presentation design should be responsible for the incon-
sistent results mentioned above. In the study of Smith et al.
(2004), a neutral object was superimposed centrally onto the
background in the study phase, and participants were asked
to imagine a connection between the object and the back-
ground. This instruction encouraged participants to represent
the item and the context in a unitized manner. Under this cir-
cumstance, emotion-induced enhancement of memory is likely
to be observed (Chiu et al., 2013). In contrast, in the stud-
ies using the serial presentation design, emotional and neu-
tral items were presented sequentially and all stimuli were
asked to be remembered. Therefore, interference between dif-
ferent stimuli might be high and emotional stimuli can con-
sume cognitive resources that might otherwise be devoted to
rehearsing the neutral items (Mather et al., 2006). As a result,
emotion-induced impairment of memory is most likely to be
observed.
In contrast to previous studies, the present study exam-
ined the role of emotional backgrounds on memory for neutral
items using a scene context design where participants were nei-
ther asked to make a connection between the item and the
background nor asked to remember the background. Because
no response for contexts was required, participants would try
their best to ignore contexts. Then, how do emotional stim-
uli presented only as task-irrelevant study context influence
memory for task-relevant neutral items? Because emotional con-
texts might still capture participants’ attention and influence
perceptual processing and encoding of test items (Müller et al.,
2008; Bocanegra and Zeelenberg, 2009), it is possible that emo-
tional contexts would impair recognition performance for these
neutral items. Moreover, unlike Smith et al. (2004) study in
which the emotional background was initially presented alone
on the screen for several seconds and then the neutral item
was superimposed centrally onto the background, in the cur-
rent experiment the emotional backgrounds and the neutral items
were presented simultaneously and thus there is more likely to
be interference of contexts for items. In addition, previous stud-
ies mainly adopted two types of emotional contexts- negative
and positive-to investigate effects of emotional (vs. neutral) con-
texts on memory. Given that the main dimensions of emotion
include both valence and arousal (Lang et al., 1993) and emo-
tional contexts can be classified more carefully, the present study
employed four types of emotional contexts including negative
low-arousing, negative high-arousing, positive low-arousing, and
positive high-arousing contexts to explore how different emo-
tional pictures as encoding contexts would influence memory
for neutral words. We hope to further clarify the circumstances
under which emotion-induced impairment is likely to occur and
gain insight into the mechanisms of emotion-induced memory
impairment.
Besides behavioral measurements, the present study also used
event-related potential (ERP) measurements to investigate the
memory processes of neutral words encoded in different emo-
tional contexts. So far a number of studies have examined the
processing of emotional stimuli employing ERPs and showed
that emotion can modulate ERP amplitudes (e.g., Schupp et al.,
2000; Keil et al., 2002; Delplanque et al., 2004; Carretie et al.,
2006). The earlier ERP components indexing emotion effects
(<300ms) have been theoretically linked to attention orien-
tation for unpleasant pictures and the later ERP components
(>300ms) have been considered to reflect mental resource allo-
cation and memory formation (see Olofsson et al., 2008). In
the present study, because neutral words were superimposed
onto emotional pictures during encoding, ERP measurements
at study should reflect the processing of both neutral words
and emotional pictures. We expected to observe strong emo-
tional effects on memory encoding in the earlier and later ERP
components.
Compared to encoding, the current study is more interested in
effects of emotion on memory retrieval which involves two dis-
tinct processes (Mandler, 1980; Jacoby and Dallas, 1981; Jacoby,
1991; Yonelinas, 2002; Rugg and Curran, 2007). The first pro-
cess is familiarity, which occurs when people feel that an item
is familiar but cannot recall any detailed information. The sec-
ond process, recollection, occurs when people can recall an item
along with the details of the encoding episode. ERP studies
on recognition memory have identified two old/new effects (in
which ERP waveforms elicited by correctly classified “old” items
are more positive than waveforms elicited by correctly classified
“new” items) that are considered to index familiarity and recollec-
tion, respectively. The earlier mid-frontal old/new effect (FN400
that peaked around 400ms) is attributed to familiarity (Curran,
2000; Rugg and Curran, 2007). However, some researchers have
suggested that FN400 is not the ERP index of familiarity but
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instead indicates conceptual priming (Paller et al., 2007; Hou
et al., 2013). The parietal old/new effect representing recollec-
tion is reflected by a late positive component (LPC) peaking
at about 600ms (Curran et al., 2006; Rugg and Curran, 2007;
Woroch and Gonsalves, 2010). In addition, a late post-retrieval
old/new effect reflected by a late slow wave (LSW) in the frontal
area seems to index an ensemble of evaluation processes, and
it is interpreted as the monitoring of the retrieved information
(Rugg et al., 1998; Rugg and Allan, 2000; Rugg and Wilding,
2000).
An interesting question is which ERP component, FN400,
LPC, or LSW, might be influenced by emotional encoding con-
texts. Previous research on emotional context effects obtained
different ERP results. Maratos and Rugg (2001) examined ERP
correlates of the retrieval of words presented in negative and
neutral sentences and found that the left parietal ERP old/new
effect was greater for negative than for neutral contexts dur-
ing 500–1100ms post-stimulus time window, which suggests
that recognition of words encoded in negative sentences was
associated with the retrieval of more information about the
encoding episode than recognition of the words encoded in neu-
tral sentences. They also found that the right frontal old/new
effect was elicited solely by words studied in negative sentences
during 1100–1944ms, reflecting post-retrieval processing such
as evaluation and monitoring operations. Smith et al. (2004)
found that the most evident ERP effects of emotional (nega-
tive and positive) context (vs. neutral context) emerged around
800ms post-stimulus. They argued that the relatively late emo-
tion effects reflected an emotional modulation of post-retrieval
processing. Because the explicit retrieval for the encoding context
was unnecessary in this experiment as well as in the experi-
ment by Maratos and Rugg (2001), the effects of emotion should
reflect incidental retrieval and subsequent processing of contex-
tual information (Maratos and Rugg, 2001; Smith et al., 2004).
Additionally, Smith et al. (2004) found a small effect of emo-
tional context in the 300–500ms time window and proposed
that this earlier effect indicated that items paired with emo-
tional contexts at study had acquired some of the emotional
attributes of these contexts and did not depend upon conscious
recollection of the contexts. Employing the similar procedure,
Jaeger et al. (2009) investigated ERP correlates of the retrieval of
neutral objects paired with negative or neutral scenes at study
over two study-test delays (10min vs. 24 h) and found a sus-
tained positive-going modulation in the ERPs elicited by objects
paired with negative relative to neutral contexts from around
200ms post-stimulus at the short delay. However, the ERP emo-
tion effects at the long delay differed from those observed at
the short delay in terms of both polarity and scalp distribution.
The authors proposed that the influence of emotional context on
retrieval might be modulated by emotionally-specific consolida-
tion mechanisms.
In the present study, we also attempted to determine which
ERP component might be influenced by emotional encoding con-
texts and thus infer whether and how emotional contexts affect
familiarity, recollection, or post-retrieval process. Based on pre-
vious ERP research as well as the view that familiarity process
is rather automatic whereas recollection is conscious retrieval of
details associated with a previously experienced event (Curran,
2000; Curran et al., 2006; Rugg and Curran, 2007), we predicted
that emotional contexts would modulate LPC and LSW old/new
effects.
In sum, the present study aimed at exploring the influence
of emotional picture contexts on memory for neutral words
with both behavioral and ERP measurements. Given the evidence
that high-arousing stimuli can capture attention more effectively
than low-arousing and neutral stimuli (Dolcos and Cabeza, 2002;
Schupp et al., 2003) and that negative stimuli can attract atten-
tion more effectively than positive stimuli in the early stage of
visual processing (Delplanque et al., 2004; Carretie et al., 2006),
we expected to find emotion-induced memory impairment for
neutral words under negative or high-arousing contexts. Given
previous ERP studies, we also expected that strong emotional
effects in the earlier and later ERP components would be observed
at study and that emotional contexts might modulate LPC and
LSW old/new effect at retrieval.
MATERIALS AND METHODS
PARTICIPANTS
Fourteen right-handed undergraduate students (ranging in age
from 20 to 25, 7 male and 7 female) participated in the exper-
iment. All participants were native Chinese speakers and had
normal or corrected-to-normal vision. Informed consent was
obtained from each participant before his/her participation. This
research was approved by the Institutional Review Board of the
Capital Normal University.
STIMULI
Two hundred and fifty pictures were selected as encoding con-
texts from the International Affective Picture System [IAPS, Lang
et al. (1999)], which were divided into 5 groups on the base
of valence and arousal: negative low-arousing pictures, negative
high-arousing pictures, positive low-arousing pictures, positive
high-arousing pictures, and neutral pictures (IAPS number of
these pictures were shown in the Supplementary Material). Each
group contained 50 pictures, with mean valence and arousal
shown in Table 1. The valence and arousal differences between
neutral pictures and any other type of pictures were significant (ps
< 0.05). The valence difference between positive and negative pic-
tures was significant (p < 0.05). The arousal difference between
high-arousal and low-arousal pictures was significant (p < 0.05).
However, the valence difference between high-arousal and low-
arousal pictures and the arousal difference between positive and
negative pictures also were significant (ps < 0.05).
Five hundred neutral words (mean valence = 5.3, ranging
from 3.65 to 6.5) were chosen from the Chinese Affective Words
Table 1 | Mean (SD) valence and arousal of five types of pictures.
Types of pictures Valence (SD) Arousal (SD)
Negative low-arousal 3.13 (0.51) 4.53 (0.47)
Negative high-arousal 2.12 (0.58) 6.45 (0.61)
Positive low-arousal 7.47 (0.40) 4.13 (0.57)
Positive high-arousal 6.45 (0.65) 5.92 (0.70)
Neutral 5.06 (0.38) 3.04 (0.73)
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System [CAWS, Luo and Wang (2004)]. Two hundred fifty words
were paired with 250 pictures, as target words and encoding
contexts during the learning phase. Another 250 words as new
words, together with the 250 learned words, were used in the
test phase. Mean valence, arousal, and familiarity of six groups of
words were shown in Table 2. There was no significant valence,
arousal, or familiarity difference among six groups of words
(ps > 0.05).
Besides the pictures and words mentioned above, we chose
another 20 pictures from IAPS, paired with 20 city names, as
filler stimuli during the learning phase. All stimuli were assigned
to 18 lists. Each list contained 15 word-picture pairs (0–3 pairs
being filler stimuli and others being target word—picture context
pairs) that would be presented during the learning phase. All tar-
get words and an equal number of new words would be presented
during the test phase.
Table 2 | Mean (SD) valence, arousal, and familiarity of six groups of
words.
Valence (SD) Arousal (SD) Familiarity (SD)
Words paired with
negative low-arousal
contexts
5.27 (0.89) 4.57 (0.66) 5.24 (0.51)
Words paired with
negative high-arousal
contexts
5.36 (0.81) 4.62 (0.78) 5.10 (0.52)
Words paired with
positive low-arousal
contexts
5.48 (0.80) 4.63 (0.64) 5.04 (0.54)
Words paired with
positive high-arousal
contexts
5.14 (0.82) 4.53 (0.54) 5.30 (0.44)
Words paired with
neutral contexts
5.41 (0.77) 4.53 (0.80) 5.27 (0.49)
New words 5.28 (0.84) 4.60 (0.64) 5.19 (0.52)
PROCEDURE
The present study used a classical study-test paradigm. Each of
the 18 study-test runs included an encoding phase, a distraction
phase, and a recognition phase. During encoding, each trial began
with a word-picture pair that was displayed on the screen. The
word was superimposed onto the central part of the picture (see
Figure 1). After 300ms, the word disappeared and the picture
remained on the screen for another 700ms. Following the disap-
pearing picture was a fixation cross presented for 1400–1700ms,
and then the next trial started. Participants were instructed to just
remember the word, and simultaneously press the key quickly and
accurately as soon as they saw the city name. The distraction task
was subtraction beginning with a 3-digit number shown on the
screen. Participants repetitively subtracted 3 from each number
(e.g., 675: 672, 669, 666,. . . ) for 60 s. In the recognition phase,
each word was displayed on the screen for 1000ms and interstim-
ulus interval (ISI) was 1400–1600ms. Participants were required
to press one of two buttons to indicate whether the displayed tar-
get was a new word or an old word (i.e., a word from the prior
encoding phase). The assignment of response keys to left/right
hand was counterbalanced across subjects. Participants were also
instructed to respond as quickly and accurately as possible, and
to refrain from head movements and eye blinking. Stimuli were
presented in pseudo-random order during the encoding and
recognition phases.
RECORDS AND ANALYSIS OF ERPs
EEG recordings were made from 64 scalp sites using Ag/AgCl
electrodes arranged in an elastic cap. Two pairs of electrodes were
used for monitoring vertical and horizontal eye movements. A left
mastoid reference electrode was used online and the reference was
changed offline to the average of left and rightmastoid recordings.
EEG signals were filtered with a bandpass of 0.05 ∼ 40Hz and
sampled at a rate of 500Hz. Impedances were kept below 5K.
Average ERPswere formedoffline fromcorrect-response trials free
of ocular and movement artifacts (> ±75μV). Each averaging
epoch lasted 1100ms, including 100ms prior to stimulus onset.
FIGURE 1 | Sample stimuli and procedures for encoding (A) and recognition phase (B).
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RESULTS
BEHAVIORAL RESULTS
Table 3 displays the recognition accuracies and reaction times
(RTs) of new words and old words learned in different contexts. A
one-way (experimental condition: negative high-arousing, nega-
tive low-arousing, positive high-arousing, positive low-arousing,
neutral context, new words) repeated-measures analysis of vari-
ance (ANOVA) for RTs showed that the condition effect did
Table 3 | Mean accuracies and RTs (ms) of new words and old words
encoded in different contexts.
Conditions Accuracy (SD) RT (SD)
Negative low-arousal context 0.78 (0.13) 689 (77)
Negative high-arousal context 0.73 (0.10) 695 (74)
Positive low-arousal context 0.82 (0.07) 677 (83)
Positive high-arousal context 0.76 (0.11) 690 (65)
Neutral context 0.83 (0.09) 683 (70)
New words 0.93 (0.07) 705 (79)
not reach significance [F(5, 65) = 1.50, p > 0.20]. The one-way
repeated-measures ANOVA for accuracies indicated a significant
condition effect [F(5, 65) =15.36, p < 0.001, η2p = 0.542]. The
multiple comparisons showed that participants’ responses were
more accurate for correctly rejected new words than for any
type of correctly recognized old words (ps < 0.01). Accuracy
was higher for words encoded in the neutral context than for
words encoded in the negative high-arousing (p < 0.001), neg-
ative low-arousing (p < 0.05), or positive high-arousing context
(p < 0.01). However, the difference between old words encoded
in the neutral context and old words encoded in the positive
low-arousing context did not reach significance (p > 0.30). The
multiple comparisons also showed that participants’ responses
weremore accurate for words learned in the positive low-arousing
context than those in the negative high-arousing (p < 0.005) or
positive high-arousing context (p < 0.05).
ERP RESULTS
Study-phase ERP results
Based on a careful examination of our grand average waveforms
(see Figure 2) and a review of previous findings (see Olofsson
FIGURE 2 | Grand mean ERPs from F3, F4, C3, C4, P3, and P4 to words presented in five types of background pictures at encoding.
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et al., 2008), mean amplitudes were computed at three time win-
dows (150 ∼ 300ms, 300 ∼ 500ms, and 500 ∼ 1000ms) for
each subject and condition type. The amplitude measurements
were referred to pre-stimulus baseline. The approach to statisti-
cal analysis involved the use of repeated-measures ANOVA and
Greenhouse–Geisser corrections. The ANOVA was conducted by
selecting 15 electrodes from left hemisphere, midline, and right
hemisphere at frontal, fronto-central, central, centro-parietal, and
parietal locations (F3, FZ, F4, FC3, FCZ, FC4, C3, CZ, C4, CP3,
CPZ, CP4, P3, PZ, and P4). Five (condition: negative high-
arousing, negative low-arousing, positive high-arousing, positive
low-arousing, neutral context) × 5 (location: F, FC, C, CP, P) × 3
(laterality: left, midline, right) repeated-measures ANOVAs were
conducted in three latency intervals. All significant main effects
of condition or interactions between condition and other factor
were supplemented with multiple comparisons or simple main
effects comparisons when appropriate. In our ERP results, main
effects of location and laterality and interaction of location and
laterality were not reported.
150–300ms. Our analyses showed a marginally significant
main effect of condition [F(4, 52) = 2.48, p = 0.073, η2p = 0.160]
and a significant interaction between condition and loca-
tion [F(16, 208) = 3.18, p = 0.015, η2p = 0.197]. Further analyses
showed that significant difference between neutral and nega-
tive high-arousing contexts occurred at frontal sites (p < 0.05).
Significant difference between neutral and positive high-arousing
contexts occurred at frontal and fronto-central sites (ps < 0.05).
Moreover, significant differences between negative high-arousing
and negative low-arousing contexts (ps < 0.05), between posi-
tive high-arousing and positive low-arousing contexts (ps< 0.05),
and between negative high-arousing and positive low-arousing
contexts (ps < 0.05) occurred at frontal and fronto-central sites.
Significant differences between positive high-arousing and nega-
tive low-arousing contexts occurred at frontal, fronto-central, and
central sites (ps < 0.05).
300–500ms. Our analyses showed a significant main effect of
condition [F(4, 52) = 14.22, p < 0.001, η2p = 0.522]. The multi-
ple comparisons showed significant differences between neutral
and negative high-arousing contexts (p < 0.05), between neu-
tral and positive high-arousing contexts (p < 0.001), between
negative high-arousing and negative low-arousing contexts (p <
0.05), between positive high-arousing and positive low-arousing
contexts (p < 0.001), between positive high-arousing and neg-
ative low-arousing contexts (p < 0.001), and between positive
high-arousing and negative high-arousing contexts (p < 0.05).
500–1000ms. Our analyses showed a significant main effect of
condition [F(4, 52) = 39.52, p < 0.001, η2p = 0.752] and signif-
icant interactions between condition and location [F(16, 208) =
2.52, p = 0.049, η2p = 0.162] and between condition and later-
ality [F(16, 208) = 2.36, p = 0.049, η2p = 0.154]. Further analyses
showed that significant differences between neutral context and
negative high-arousing context and between neutral context and
positive high-arousing context occurred at all analyzed sites (ps
< 0.001). In addition, significant differences between negative
high-arousing and negative low-arousing contexts (ps < 0.001),
between positive high-arousing and positive low-arousing con-
texts (ps < 0.001), between negative high-arousing and posi-
tive high-arousing contexts (ps < 0.05), between positive high-
arousing and negative low-arousing contexts (ps < 0.001), and
between negative high-arousing and positive low-arousing con-
texts (ps < 0.001) occurred at all analyzed sites.
Test-phase ERP results
Grand average ERP waveforms at retrieval were shown in
Figures 3, 4. A visual inspection of the waveforms was initially
conducted to detect obvious differences among different encod-
ing context conditions. The current study focused on whether
FN400, LPC, and LSW might be influenced by emotional encod-
ing contexts. FN400, LPC, and LSWwere thought to onset around
300ms, 400–500ms, and 700–800ms post-stimulus, respectively
(Curran and Cleary, 2003; Smith et al., 2004; Rugg and Curran,
2007; Van Strien et al., 2009). Based on the timing of memory
effects in previous studies and visual inspection of the present
data, mean amplitudes were computed at time windows 300 ∼
400ms, 400 ∼ 600ms, and 700 ∼ 1000ms for each subject and
condition type. Six (condition: negative high-arousing, negative
low-arousing, positive high-arousing, positive low-arousing, neu-
tral context, new words) × 5 (location: F, FC, C, CP, P) × 3
(laterality: left, midline, right) repeated-measures ANOVAs were
conducted in three latency intervals.
300–400ms. Our analyses showed a significant main effect of
condition [F(5, 65) = 5.87, p = 0.001, η2p = 0.311]. The multi-
ple comparisons showed that ERPs elicited by new words were
more negative than ERPs elicited by old words encoded in the
negative low-arousing (p < 0.05), positive low-arousing (p <
0.005), positive high-arousing (p < 0.005), and neutral contexts
(p < 0.05). However, the difference between new words and old
words encoded in the negative high-arousing context did not
reach significance (p > 0.10). Moreover, ERPs elicited by old
words encoded in the negative high-arousing context were more
negative than ERPs elicited by old words encoded in the posi-
tive high-arousing (p < 0.01) and positive low-arousing contexts
(p < 0.005).
400–600ms. Our analyses showed a significant main effect
of condition [F(5, 65) = 3.91, p = 0.007, η2p = 0.231] and a
marginally significant interaction between condition and loca-
tion [F(20,260) = 2.22, p = 0.052, η2p = 0.146]. Further analysis
revealed that ERPs elicited by new words were more negative
than ERPs elicited by old words encoded in the positive low-
arousing (ps < 0.05) and positive high-arousing contexts (ps <
0.05) at fronto-central, central, centro-parietal, and parietal loca-
tions, by old words encoded in the negative low-arousing (ps <
0.05) and neutral contexts (ps < 0.05) at central, centro-parietal,
and parietal locations, and by old words encoded in the negative
high-arousing context at parietal location (p < 0.05). In addition,
our analyses indicated that ERPs elicited by old words encoded
in the positive high-arousing context were more positive than
ERPs elicited by old words encoded in the negative high-arousing
context at frontal, central, and centro-parietal locations (ps <
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FIGURE 3 | (A) ERP comparisons between new words and old words
separately encoded in five types of background pictures across three
scalp locations (Fz, Cz, Pz). Topographic maps (B) illustrate ERP
difference waves computed by subtracting ERPs to new words from
ERPs to old words across three intervals (300–400ms, 400–600ms, and
700–1000ms).
0.05). ERPs elicited by old words encoded in the positive low-
arousing context also were more positive than ERPs elicited by old
words encoded in the negative high-arousing context at frontal,
fronto-central, central, and centro-parietal locations (ps < 0.05).
700–1000ms. Our analyses showed a marginally significant
main effect of condition [F(5, 65) = 2.66, p = 0.059, η2p = 0.170]
and a significant interaction between condition and loca-
tion [F(20,260) = 4.15, p = 0.001, η2p = 0.242]. Further analysis
revealed that ERPs elicited by new words were more negative
than ERPs elicited by old words encoded in the positive high-
arousing context at frontal, fronto-central, central, and centro-
parietal locations (ps < 0.05). In addition, our analyses indicated
that ERPs elicited by old words encoded in the positive high-
arousing context were more positive than ERPs elicited by old
words encoded in the neutral context at fronto-central, central,
centro-parietal, and parietal locations (ps < 0.05), by old words
encoded in the negative high-arousing (ps < 0.05) and negative
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FIGURE 4 | Grand mean ERPs from F3, F4, C3, C4, P3, and P4 to words encoded in five types of background pictures during recognition.
low-arousing contexts (ps< 0.05) at all analyzed locations, and by
old words encoded in the positive low-arousing context at frontal,
central, and centro-parietal locations (ps < 0.05).
DISCUSSION
The present study explored the influence of emotional back-
ground pictures onmemory for neutral words superimposed cen-
trally onto them. The behavioral results indicate significant effects
of emotional contexts. The negative high-arousing, negative low-
arousing, and positive high-arousing contexts all impaired recog-
nition performance for words as compared to neutral context.
The finding that emotional contexts impaired memory for neu-
tral items is consistent with some previous studies using the serial
presentation design in which both emotional and neutral items
were test items (e.g., Strange et al., 2003; Hurlemann et al., 2005;
Knight and Mather, 2009). Our results suggest that emotional
contexts can impair memory for neutral items even if they are
task-irrelevant. In contrast to the current results, some studies did
not find similar impairment (e.g., Smith et al., 2004; Jaeger et al.,
2009). As said in the introduction, in the studies of Smith et al.
(2004) and Jaeger et al. (2009), participants were asked to imagine
a connection between the item and the background in the study
phase. This instruction encouraged participants to represent the
item and the context in a unitized manner. Thus, emotion-
induced impairment of memory was not observed. Moreover,
there were only two levels (positive and negative) of encoding
contexts in the study of Erk et al. (2005), in which they did not
introduce the neutral context as a baseline, making it difficult to
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find significant effect of encoding context on recognition perfor-
mance. In the study by Kim et al. (2013), no impairment effect for
central items was found probably because these items were part of
picture stories.
The present study also showed that participants’ responses
were less accurate for words learned in the negative and posi-
tive high-arousing contexts as compared to words learned in the
positive low-arousing context. However, no significant difference
between words encoded in the neutral context and words encoded
in the positive low-arousing context was found. These results sug-
gest that effect of emotional contexts on memory for neutral
items depends upon the type of emotional contexts. Compared
with the neutral context, the negative contexts and the posi-
tive high-arousing context, rather than the positive low-arousing
context, can impair memory for neutral items. In addition, par-
ticipants’ responses were more accurate for words learned in the
positive low-arousing context than those learned in the posi-
tive high-arousing context. That is, the present study showed
an arousal effect for positive contexts. Because low-arousing and
high-arousing pictures were not completely matched on valence
ratings, we cannot ensure that this arousal effect has not been
confounded with the valence difference at all.
Besides recognition performance, the present study analyzed
the ERP data. At encoding, compared with items presented in the
neutral context, items in the positive and negative high-arousing
contexts elicited more positive ERPs from 150 to 1000ms post-
stimulus. At same time window, significant arousal effects also
were observed. That is, items in the positive high-arousing
context elicited more positive ERPs than those in the positive
low-arousing context, and items in the negative high-arousing
context elicited more positive ERPs than those in the negative
low-arousing context. The previous studies on ERP correlates
of emotional stimulus processing have linked the earlier ERP
components (<300ms) to attention orientation for emotional
stimuli and suggested that the later ERP components (>300ms)
reflect mental resource allocation and memory formation (see
Olofsson et al., 2008). And many studies have showed that emo-
tional arousal is relevant for attention capture and cognitive
resource allocation during information processing (Lang et al.,
1993; Schupp et al., 2003, 2007; Kissler et al., 2007). Following
this line of thinking, we thought that in the present study the
earlier effects of emotion and arousal might reflect an automatic
process of attention capturing for high-arousing contexts, and the
late effects might reflect a conscious and effortful process of over-
coming the interference of high-arousing contexts. Of course, we
acknowledge that these two processes are not definitive based on
ERP results alone.
In addition, from 300 to 1000ms post-stimulus, significant
valence effect was observed in the high-arousing conditions. The
items in the positive high-arousing context elicited more posi-
tive ERPs than those in the negative high-arousing context, which
suggests that, after 300ms post-stimulus, overcoming the interfer-
ence of positive high-arousing context to items rehearsal might be
more difficult as compared to the negative high-arousing context.
A recent study (Uribe et al., 2011) primarily examined the
encoding of visual stimuli in either emotionally arousing or
neutral contexts created by delivering auditory information
during the presentation of the fixation cross between the visual
stimuli. The authors found that emotional context modified the
evoked potentials (larger negativity) from 80 to 140ms after
visual stimuli onset. Moreover, evoked theta and gamma power
were higher in the emotional context. The authors suggested that
visual encoding in emotional context is facilitated by mechanisms
of expectancy, attention, and sensory processing that are recruited
by the context itself. Obviously, our results differed from those of
Uribe et al. (2011). However, this inconsistency is not surprising
because in Uribe et al. (2011) study emotionally arousing stimuli
and target stimuli were presented in different sensory modalities.
The current study also attempted to determine which ERP
component during retrieval was influenced by emotional encod-
ing context. The process of recognition can include two compo-
nents: one is automatic recognition process driven by familiarity,
and the other is the retrieval of details associated with a previously
experienced event (i.e., recollection) (Mandler, 1980; Jacoby,
1991; Curran, 2000; Yonelinas, 2002; Curran et al., 2006; Rugg
and Curran, 2007). Previous research has showed that the FN400
is an ERP component related to familiarity (Curran, 2000; Rugg
and Curran, 2007) although whether FN400 reflects familiarity
is still under debate (Paller et al., 2007; Hou et al., 2013), and the
LPC is mainly associated with recollection (Paller, 2000; Rugg and
Allan, 2000; Curran et al., 2006). Similar to these previous stud-
ies, the present study found two obvious old/new effects in ERPs:
the FN400 effect during 300–400ms and the LPC effect mainly
at parietal site during 400–600ms. New words elicited a larger
FN400 and a smaller LPC than old words. Our behavioral results
also showed significant old/new effects. Participants’ responses
were more accurate for correctly rejected new words than for cor-
rectly recognized old words, which was consistent with previous
studies (Maratos and Rugg, 2001; Jaeger et al., 2009).
More importantly, our ERP results revealed the influence of
emotional context on retrieval. During 300–400ms, new words
elicited a larger FN400 as compared to old words learned in
the negative low-arousing, positive low-arousing, positive high-
arousing, and neutral contexts. That is, except for the negative
high-arousing condition, the FN400 old/new effects occurred
under all other conditions. Moreover, old words learned in the
negative high-arousing context elicited a larger FN400 than those
learned in the positive high-arousing and low-arousing con-
texts. Previous studies have shown that FN400 mainly reflects
an automatic recognition process that is driven by familiarity
(Rugg and Curran, 2007). In this process, participants recog-
nized a stimulus that had been experienced without consciously
retrieving the relevant details or background information asso-
ciated with that learned stimulus. Our ERP results suggest that
negative high-arousing encoding context might impair the famil-
iarity process. However, because some researchers have suggested
that FN400 indicates conceptual priming rather than familiarity
(Paller et al., 2007; Hou et al., 2013), we must treat this inference
with caution.
A plausible explanation for the lack of the FN400 old/new
effect in the negative high-arousing condition was that the nega-
tive high-arousing pictures can capture attention more effectively
in the earlier stage of visual processing (Dolcos and Cabeza,
2002; Schupp et al., 2003; Delplanque et al., 2004; Carretie
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et al., 2006) than other pictures and thus impact the encod-
ing of the words, especially when the word presentation was
quite brief. Additionally, after participants’ attention was cap-
tured by the negative high-arousing background, they might
tend to avoid the negative high-arousing background because
the present study used images of bloody scenes as negative high-
arousing backgrounds. Because of the simultaneous presentation
of the words and emotional backgrounds, avoidance from the
negative high-arousing backgrounds might result in avoidance
from words presented in these contexts and thus impaired the
processing of those words in different aspects, such as percep-
tion, elaborative encoding, and rehearsal. As a result, during
recognition participants would experience a lower level of famil-
iarity with those words encoded in the negative high-arousing
context.
For the 400–600ms interval during recognition, we found
significant LPC old/new effects in all conditions of emotional
contexts. However, scalp distribution of LPC old/new effects in
different conditions of emotional contexts was different. The LPC
old/new effects in the positive low-arousing and high-arousing
contexts occurred at fronto-central, central, centro-parietal, and
parietal locations. The LPC old/new effects in the negative low-
arousing and neutral contexts occurred at central, centro-parietal,
and parietal locations. The LPC old/new effect in the negative
high-arousing context occurred only at parietal location. And
ERPs elicited by old words encoded in the positive high-arousing
and low-arousing contexts were more positive than ERPs elicited
by old words encoded in the negative high-arousing context at
from frontal to centro-parietal locations. In other words, the
LPC old/new effect in the negative high-arousing condition was
smaller than that in the positive high-arousing and low-arousing
conditions. Previous studies have linked the LPC old/new effect
to the recollection process (Curran et al., 2006; Rugg and Curran,
2007; Woroch and Gonsalves, 2010). In this process, people
attempt to recall an item along with details associated with the
encoding context. Thus, the present results suggest that emotional
encoding context might have impact on participants’ recollec-
tion. People might recollect more information in the positive
high-arousing and low-arousing conditions than in the negative
high-arousing condition.
In the present study, a late old/new effect (i.e., old words
elicited a more positive LSW than new words) were also found
in the positive high-arousing condition during 700–1000ms post-
stimulus at from frontal to centro-parietal locations. Moreover, in
this interval, words learned in the positive high-arousing context
elicited a more positive LSW than those learned in other contexts.
Maratos and Rugg (2001) found that the right frontal old/new
effect was elicited solely by words studied in negative sentences
during 1100–1944ms. In the study of Smith et al. (2004), themost
obvious ERP effect of emotional (positive and negative) contexts
(vs. neutral context) appeared after about 800ms post-stimulus.
Inconsistent with these previous studies, the present study did not
find a late old/new effect in the negative high-arousing condition.
However, we agreed with Maratos and Rugg (2001) and Smith
et al. (2004) on that this late emotion effect reflects an emotional
modulation of post-retrieval processing such as evaluation and
monitoring operations. Following this line of thinking, our results
might reflect more retrieving for positive high-arousing con-
textual information and subsequent evaluation and monitoring
processing.
As mentioned earlier, one limitation of the present study is
that low-arousing and high-arousing pictures were not matched
on valence ratings and positive and negative pictures were not
matched on arousal ratings. Therefore, we cannot rule out the
possibility that the effects of arousal and valence observed in
the present study might be confounded to some extent. Another
limitation of the present study is that the sample size was low.
Although we had sufficient power to detect the influences of
emotional context based p-values and effect size data provided
in the result section, future studies with larger sample size are
still need to help support the conclusions made in the present
study.
In conclusion, the present study used the behavioral and ERP
measurements to investigate the influences of different types of
emotional encoding contexts on the memory process of neutral
words. Behavioral results showed that words learned in the neu-
tral context had higher recognition accuracy than those learned in
the negative high-arousing, negative low-arousing, and positive
high-arousing contexts. In the meantime, ERP results demon-
strated the influences of emotional encoding contexts on the
encoding and retrieval processes. At encoding, compared with
items presented in the neutral context, items in the positive and
negative high-arousing contexts elicited more positive ERPs from
150 to 1000ms post-stimulus, which might reflect an automatic
process of attention capturing of high-arousing context and a
conscious and effortful process of overcoming the interference
of high-arousing context. During retrieval, significant FN400
old/new effects occurred in conditions of negative low-arousing,
positive low-arousing, positive high-arousing, and neutral con-
texts but not negative high-arousing context. Significant LPC
old/new effects occurred in all conditions of encoding contexts.
However, the LPC old/new effect in the negative high-arousing
condition was smaller than that in the positive high-arousing and
low-arousing conditions. These results suggest that emotional
encoding context might influence both the familiarity and rec-
ollection processes. However, because of the lack of behavioral
measures of these processes, our inferences should be consid-
ered tentative. In addition, during 700–1000ms post-stimulus, a
late old/new effect was found only in the positive high-arousing
condition, which might reflect emotional modulation of post-
retrieval processing.
AUTHOR CONTRIBUTIONS
Qin Zhang co-designed the experiment, analyzed the data, cre-
ated the figures, and co-wrote the text. Xuan Liu co-designed the
experiment, co-collected the data, and co-wrote the text. Wei An
co-wrote the text and advised on many aspects of the research.
Yang Yang co-collected the data and advised on many aspects of
the research. Yinan Wang co-wrote the text.
ACKNOWLEDGMENTS
This research was supported by the Natural Science Foundation
of China (31070902 and 31470980). We thank two anonymous
reviewers for helpful comments.
Frontiers in Human Neuroscience www.frontiersin.org February 2015 | Volume 9 | Article 73 | 10
Zhang et al. Emotional context and memory
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://www.frontiersin.org/journal/10.3389/fnhum.
2015.00073/abstract
REFERENCES
Anderson, A., Wais, P., and Gabrieli, J. D. E. (2006). Emotion enhances remem-
brance of neutral events past. Proc. Natl. Acad. Sci. U.S.A. 103, 1599–1604. doi:
10.1073/pnas.0506308103
Bocanegra, B. R., and Zeelenberg, R. (2009). Dissociating emotion-induced blind-
ness and hypervision. Emotion 9, 865–873. doi: 10.1037/a0017749
Carretie, L., Hinojosa, J. A., Albert, J., and Mercado, F. (2006). Neural response to
sustained affective visual stimulation using an indirect task. Exp. Brain Res. 174,
630–637. doi: 10.1007/s00221-006-0510-y
Chiu, Y.-C., Dolcos, F., Gonsalves, B. D., and Cohen, N. J. (2013). On opposing
effects of emotion on contextual or relational memory. Front. Psychol. 4:103.
doi: 10.3389/fpsyg.2013.00103
Curran, T. (2000). Brain potentials of recollection and familiarity. Mem. Cogn. 28,
923–938. doi: 10.3758/BF03209340
Curran, T., and Cleary, A. M. (2003). Using ERPs to dissociate recollection
from familiarity in picture recognition. Cogn. Brain Res. 15, 191–205. doi:
10.1016/S0926-6410(02)00192-1
Curran, T., Tepe, K. L., and Piatt, C. (2006). “Event related-potential explorations
of dual processes in recognition memory,” inHandbook of Binding and Memory,
eds H. D. Zimmer, A. Mecklinger, and U. Lindenberger (New York, NY: Oxford
University Press), 467–492.
Delplanque, S., Lavoie, M. E., Hot, P., Silvert, L., and Sequeira, H. (2004).
Modulation of cognitive processing by emotional valence studied
through event-related potentials in humans. Neurosci. Lett. 356, 1–4. doi:
10.1016/j.neulet.2003.10.014
Dolan, R. J. (2002). Emotion, cognition, and behavior. Science 298, 1191–1194. doi:
10.1126/science.1076358
Dolcos, F., and Cabeza, R. (2002). Event-related potentials of emotional mem-
ory: encoding pleasant, unpleasant, and neutral pictures. Cogn. Affect. Behav.
Neurosci. 2, 252–263. doi: 10.3758/CABN.2.3.252
Erk, S., Martin, S., and Walter, H. (2005). Emotional context during
encoding of neutral items modulates brain activation not only dur-
ing encoding but also during recognition. NeuroImage 26, 829–838. doi:
10.1016/j.neuroimage.2005.02.045
Hou, M., Safron, A., Paller, K. A., and Guo, C. (2013). Neural correlates of
familiarity and conceptual fluency in a recognition test with ancient pic-
tographic characters. Brain Res. 1518, 48–60. doi: 10.1016/j.brainres.2013.
04.041
Hurlemann, R., Hawellek, B., Matusch, A., Kolsch, H., Wollersen, H., Madea,
B., et al. (2005). Noradrenergic modulation of emotion-induced forgetting
and remembering. J. Neurosci. 25, 6343–6349. doi: 10.1523/JNEUROSCI.0228-
05.2005
Jacoby, L. L. (1991). A process dissociation framework: separating automatic from
intentional uses of memory. J. Mem. Lang. 30, 513–541. doi: 10.1016/0749-
596X(91)90025-F
Jacoby, L. L., and Dallas, M. (1981). On the relationship between autobiograph-
ical memory and perceptual learning. J. Exp. Psychol. Gen. 110, 306–340. doi:
10.1037/0096-3445.110.3.306
Jaeger, A., Johnson, J. D., Corona, M., and Rugg, M. D. (2009). ERP correlates of the
incidental retrieval of emotional information: effects of study-test delay. Brain
Res. 1269, 105–113. doi: 10.1016/j.brainres.2009.02.082
Keil, A., Bradley, M. M., Hauk, O., Rockstroh, B., Elbert, T., and Lang, P. J. (2002).
Large-scale neural correlates of affective picture processing. Psychophysiology 39,
641–649. doi: 10.1111/1469-8986.3950641
Kensinger, E. A., Garoff-Eaton, R. J., and Schacter, D. L. (2007). Effects of emotion
on memory specificity: memory trade-offs elicited by negative visually arousing
stimuli. J. Mem. Lang. 56, 575–591. doi: 10.1016/j.jml.2006.05.004
Kim, J. S.-C., Vossel, G., and Gamer, M. (2013). Effects of emotional con-
text on memory for details: the role of attention. PLoS ONE 8:e77405. doi:
10.1371/journal.pone.0077405
Kissler, J., Herbert, C., Peyk, P., and Junghofer, M. (2007). Buzzwords: early cortical
responses to emotional words during reading. Psychol. Sci. 18, 475–480. doi:
10.1111/j.1467-9280.2007.01924.x
Knight, M., and Mather, M. (2009). Reconciling findings of emotion-induced
memory enhancement and impairment of preceding items. Emotion 9, 763–781.
doi: 10.1037/a0017281
Koening, S., and Mecklinger, A. (2008). Electrophysiological correlates of encod-
ing and retrieving emotional events. Emotion 2, 162–173. doi: 10.1037/1528-
3542.8.2.162
LaBar, K. S., and Cabeza, R. (2006). Cognitive neuroscience of emotional memory.
Nat. Rev. Neurosci. 7, 54–64. doi: 10.1038/nrn1825
Lang, P. J., Bradley, M. M., and Cuthbert, B. (1999). International Affective Picture
System (IAPS): Instruction Manual and Affective Ratings. Technical Report
No.A–4, The Center for Research in Psychophysiology, University of Florida,
Gainsville, Florida.
Lang, P. J., Greenwald, M. K., Bradley, M. M., and Hamm, A. O. (1993). Looking
at pictures: affective, facial, visceral, and behavioral reactions. Psychophysiology
30, 261–273. doi: 10.1111/j.1469-8986.1993.tb03352.x
Luo, Y. J., and Wang, Y. N. (2004). Chinese Affective Words System (CAWS). Beijing:
Institute of Psychology, CAS.
Mandler, G. (1980). Recognizing: the judgment of previous occurrence. Psychol.
Rev. 87, 252–271. doi: 10.1037/0033-295XX.87.3.252
Maratos, E. J., and Rugg, M. D. (2001). Electrophysiological correlates of the
retrieval of emotional and non-emotional context. J. Cogn. Neurosci. 13,
877–891. doi: 10.1162/089892901753165809
Mather, M., Mitchell, K. J., Raye, C. L., Novak, D. L., Greene, E. J., and Johnson, M.
K. (2006). Emotional arousal can impair feature binding in working memory.
J. Cogn. Neurosci. 18, 614–625. doi: 10.1162/jocn.2006.18.4.614
Müller, M. M., Andersen, S. K., and Keil, A. (2008). Time course of competition for
visual processing resources between emotional pictures and foreground task.
Cereb. Cortex 18, 1892–1899. doi: 10.1093/cercor/bhm215
Olofsson, J. K., Nordin, S., Sequeira, H., and Polich, J. (2008). Affective picture
processing: an integrative review of ERP findings. Biol. Psychol. 77, 247–265.
doi: 10.1016/j.biopsycho.2007.11.006
Paller, K. A. (2000). Neural measures of conscious and unconsciousmemory. Behav.
Neurol. 12, 127–141. doi: 10.1155/2000/865250
Paller, K. A., Voss, J. L., and Boehm, S. G. (2007). Validating neural corre-
lates of familiarity. Trends Cogn. Sci. 11, 243–250. doi: 10.1016/j.tics.2007.
04.002
Rimmele, U., Davachi, L., Petrov, R., Dougal, S., and Phelps, E. A. (2011). Emotion
enhances the subjective feeling of remembering, despite lower accuracy for
contextual details. Emotion 11, 553–562. doi: 10.1037/a0024246
Rugg, M. D., and Allan, K. (2000). “Event-related potential studies of memory,” in
The Oxford Handbook of Memory, eds E. Tulving and F. I. M. Craik (Oxford:
Oxford University Press), 521–537.
Rugg, M. D., and Curran, T. (2007). Event-related potentials and recognition
memory. Trends Cogn. Sci. 11, 251–257. doi: 10.1016/j.tics.2007.04.004
Rugg, M. D., Mark, R. E., Walla, P., Schloerscheidt, E. M., Birch, C. S., and Allan,
K. (1998). Dissociation of the neural correlates of implicit and explicit memory.
Nature 392, 595–598. doi: 10.1038/33396
Rugg, M. D., and Wilding, E. L. (2000). Retrieval processing and episodic
memory. Trends Cogn. Sci. 4, 108–115. doi: 10.1016/S1364-6613(00)
01445-5
Schupp, H. T., Cuthbert, B. N., Bradley, M. M., Cacioppo, J. T., Ito, T., and Lang, P.
J. (2000). Affective picture processing: the late positive potential is modulated
by motivational relevance. Psychophysiology 37, 257–261. doi: 10.1111/1469-
8986.3720257
Schupp, H. T., Junghöfer, M., Weike, A. I., and Hamm, A. O. (2003). Attention
and emotion: an ERP analysis of facilitated emotional stimulus processing.
Neuroreport 14, 1107–1110. doi: 10.1097/00001756-200306110-00002
Schupp, H. T., Stockburger, J., Codispoti, M., Junghofer, M., Weike, A. I., and
Hamm, A. O. (2007). Selective visual attention to emotion. J. Neurosci. 27,
1082–1089. doi: 10.1523/JNEUROSCI.3223-06.2007
Smith, A. P. R., Dolan, R. J., and Rugg, M. D. (2004). Event-related potential corre-
lates of the retrieval of emotional and nonemotional context. J. Cogn. Neurosci.
16, 760–775. doi: 10.1162/089892904970816
Strange, B. A., Hurlemann, R., and Dolan, R. J. (2003). An emotion induced retro-
grade amnesia in humans is amygdala- and β-adrenergic dependent. Proc. Natl.
Acad. Sci. U.S.A. 100, 13626–13631. doi: 10.1073/pnas.1635116100
Talmi, D. (2013). Enhanced emotional memory: cognitive and neural mech-
anisms. Curr. Dir. Psychol. Sci. 22, 430–436. doi: 10.1177/0963721413
498893
Frontiers in Human Neuroscience www.frontiersin.org February 2015 | Volume 9 | Article 73 | 11
Zhang et al. Emotional context and memory
Touryan, S., Marian, D., and Shimamura, A. (2007). Effect of negative emo-
tional pictures on associative memory for peripheral information. Memory 15,
154–166. doi: 10.1080/09658210601151310
Uribe, C. E., Garcia, A., and Tomaz, C. (2011). Electroencephalographic
brain dynamics of memory encoding in emotionally arousing
context. Front. Behav. Neurosci. 5:35. doi: 10.3389/fnbeh.2011.
00035
Van Strien, J. W., Langeslag, S. J. E., Strekalova, N. J., Gootjes, L., and Franken, I.
H. A. (2009). Valence interacts with the early ERP old/new effect and arousal
with the sustained ERP old/new effect for affective pictures. Brain Res. 1251,
223–235. doi: 10.1016/j.brainres.2008
Woroch, B., and Gonsalves, B. D. (2010). Event-related potential correlates
of item and source memory strength. Brain Res. 1317, 180–191. doi:
10.1016/j.brainres.2009.12.074
Yonelinas, A. P. (2002). the nature of recollection and familiarity: a review
of 30 years of research. J. Mem. Lang. 46, 441–517. doi: 10.1006/jmla.
2002.2864
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 30 October 2014; accepted: 29 January 2015; published online: 13 February
2015.
Citation: Zhang Q, Liu X, An W, Yang Y and Wang Y (2015) Recognition memory of
neutral words can be impaired by task-irrelevant emotional encoding contexts: behav-
ioral and electrophysiological evidence. Front. Hum. Neurosci. 9:73. doi: 10.3389/
fnhum.2015.00073
This article was submitted to the journal Frontiers in Human Neuroscience.
Copyright © 2015 Zhang, Liu, An, Yang and Wang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Human Neuroscience www.frontiersin.org February 2015 | Volume 9 | Article 73 | 12
